Five experiments are presented that examine observers' reports with a new tri-stable reversible figure using two measures of observers' experience with the figure: observers' initial percept upon figure presentation in the test period and the total number of reversals reported in the test period. Experiment 1 demonstrates the equiprobability of the three alternatives for the figure. Experiment 2 demonstrates the powerful effect of fixation location on observers' reported organization of the tristable figure. Experiment 3 demonstrates clear priming effects following brief presentation of particular components of the tri-stable figure. Experiment 4 demonstrates clear adaptation effects following prolonged presentation of the same components of the figure used in experiment 3 as well as the transient nature of this adaptation. Experiment 5 demonstrates observers' ability to "hold" each of the three percepts regardless of fixation location. The special sensitivity of the tri-stable figure to these manipulations even with naive subjects and small sample sizes is discussed, and the interplay of both bottom-up and top-down processes on figural reversal is emphasized.
Introduction
Reversible figures are an intriguing class of visual stimuli for which our typical phenomenal certainty of a figure's identity and our stability in maintaining that percept is replaced by uncertainty and change. As represented by the well-known Necker cube (Necker 1832), Boring's wife/mother-in-law figure (Boring 1930) , or Jastrow's duck/rabbit figure (Jastrow 1899) , a different organization of the same figure can be experienced on different presentations; and throughout a period of prolonged viewing, the unchanging physical stimulus appears to reverse (flip-flop) between the possible organizations. Generations of perceptual researchers and theorists have expressed keen interest in reversible figures, and various reviews of this literature have emphasized the fact that the long empirical history of reversible or ambiguous figures has resulted from two fortunate qualities of these unusual stimuli (see Boring 1942; Brugger 1999; Leopold and Logothetis 1999; Long and Toppino 2004; Wimmer and Doherty 2011) . First, the unstable nature of our visual experience with these figures is quite striking and has intrigued scientists and non-scientists for centuries. In short, many have found the curious departure from our normal experience with these visual figures to be inherently interesting. Second, of particular interest to visual researchers has been the discovery that reversible figures are an extremely powerful tool with which to study the myriad processes regularly employed by the visual system to resolve inherent ambiguity in the retinal image and thereby determine figural identity. To name but a few such processes, reversible figures have revealed the role of perceptual learning, observer's expectation (priming), attentional effects, neural fatigue/adaptation, eye movements, volitional control, cortical localization, developmental influences, and others (see the review by Long and Toppino 2004) . It has been argued that the necessary interplay of sensory, motor, and cognitive processes underlying these effects is rendered especially transparent with reversible figures, which has contributed to their enduring popularity among perceptual researchers.
Unfortunately, this continued popularity of reversible figures does not necessarily reflect a consensus in the reported effect of a particular manipulation on observers' reports with a reversible figure or agreement concerning the underlying processes responsible for a particular effect. For example, does the location of observer's gaze significantly affect perceptual organization of the figure (eg Georgiades and Harris 1997) or does it not (eg Goolkasian 1991)? Does the oft-reported increase in the number of reversals experienced by observers over a 2-3 min viewing period reflect active perceptual learning (eg Ammons et al 1959; Rock 1975) or passive neural adaptation (eg Kohler 1940; Petersik et al 1984; Toppino and Long 1987) ? Does prolonged inspection of an unambiguous version of the figure bias the observer toward the alternative organization (eg Long and Moran 2007; Long et al 1992; von Grünau et al 1984) or does it not (eg Horlitz and O'Leary 1993) ? Certainly some of the empirical discrepancies may be due to differences in experimental procedures, the choice of dependent variable, and the particular reversible figure employed. But these differences have made theorizing difficult and have led to extensive disagreement among researchers concerning the role of both bottom-up and top-down processes (Horlitz and O'Leary 1993; Leopold and Logothetis 1999; Long and Toppino 2004; Price 1969a Price , 1969b .
Two additional problems that have also plagued researchers with these types of figures are of particular relevance to the present work. On the one hand, since the earliest laboratory work with these figures, large individual differences among observers in the degree of ambiguity experienced with the same reversible figure have been reported. For example, in studies in which observers report the number of times the figure reverses in a brief test period, it is not uncommon for observers to differ from one another by a factor of 5-10 and even more under identical viewing conditions (eg Porter 1938) . On the other hand, most reversible figures have also been found to show clear biases that favor a particular organization. Even the famous Necker cube, which was first introduced to the science literature over 180 years ago (Necker 1832) , exhibits a clear bias for the front-face-down organization-possibly related to an observer's greater familiarity with that organization of a 3-D figure on a flat surface, as opposed to a figure floating in the air (Boring 1942) . A number of investigators (eg Brugger 1999; Burton 2002; Fisher 1967 Fisher , 1968 von Grünau et al 1984) have noted the difficulty such pre-existing biases raise for researchers because any manipulation of interest must be able to overcome a non-trivial bias in response probability. Both of these factors contribute to statistical noise in any analyses, which may serve to conceal certain experimental effects. The research described below involves a new reversible figure-at least new to the research literature-that, because of its simple composition, lack of pre-existing bias for its possible organization, and ease of viewing by even unpracticed observers, we believe is particularly sensitive to experimental manipulations commonly investigated in the reversible-figure literature. Strikingly powerful and consistent effects of these manipulations are revealed in a series of experiments using two dependent measures. We believe the obtained results may clarify the at times murky picture of the bottom-up and top-down processes that contribute to the visual system's ability to resolve ambiguity.
In figure 1 is a tri-stable reversible figure that is composed of simple black-and-white stripes. Note that the figure can be organized in three possible fashions: vertical bowties, horizontal bowties, and square spirals. The fact that the figure has three possible organizations is rare among reversible figures, although other tri-stable figures have been reported (eg Attneave 1968 Attneave , 1971 . However, such figures are often rather complex (involving multiple figural dimensions of shape, color, and motion), or exhibit clear biases among the possible organizations that render interpretation of experimental results quite difficult (eg Burton 2002; Naber et al 2010). The following experiments describe our work with the simple tri-stable figure shown in figure 1 and demonstrate the figure's usefulness in revealing underlying processes in an especially unambiguous fashion. It should be emphasized that we do not believe that the tri-stable figure in figure 1 is necessarily unique. Other tri-stable figures can be found in the "op art" world. In fact, it is possible to find simple black-andwhite line figures that have more than three interpretations. We have focused our efforts on this particular figure for its special ease of reporting by observers, for its apparent balance among the alternative organizations, and for its noteworthy susceptibility to a host of manipulations described in the experiments below. In turn, this may serve to resolve some empirical discrepancies in the literature and thereby allow clearer delineation of underlying sensory and cognitive processes.
2 Experiment 1: Descriptive results with the tri-stable reversible figure 2.1 Rationale This first experiment was undertaken to check our intuitions that: (a) untrained observers could easily report reversals with the tri-stable figure, (b) each of the three possible interpretations of the figure would be reported with approximately the same frequency (ie the three organizations are evenly balanced), and (c) that the observer's first impression of the figure on each trial ("first report") as well as the total number of times each organization of the figure is reported in a 30 s test period ("total responses") would produce similar patterns of results. Each of these points has been cited as a potential problem area with other reversible figures. Tri-stable reversible figure that can be organized as vertical "bowties", horizontal "bowties", or square spirals. This figure was contained in a now out-of-print children's pamphlet of illusions (Wentzell and Holland 1973 figure 1 , and the three possible organizations of the figure were described. Observers were instructed that on subsequent trials throughout the session they were to report verbally which organization (ie "vertical", "horizontal", or "spiral") they experienced on the immediate appearance of the figure, as well as each time they experienced any of the three organizations during the 30 s test trial. On half the trials for each subject, a fixation "+" was located on an intermediate position within the tri-stable figure that did not favor any particular organization. It was randomly determined for each observer whether the first 10 trials comprising the session contained a fixation point or whether the second 10 trials contained the fixation point. There was a short 2 min break between the two blocks of 10 trials.
Each trial began with a blank screen for 1 s and then a 0.5 s beep to signal the start of the trial. A 250 ms period followed the beep during which a fixation "+" appeared on the screen for those trials in which the observer was to maintain fixation. The tri-stable figure then appeared for 30 s, and a 10 s blank screen provided the inter-trial interval before the next trial was initiated.
Results and discussion
None of the observers reported any difficulty with the task, and they readily reported each of the three alternatives for the tri-stable figure throughout the test period. The results for the two dependent measures are shown in figure 2 [first report (top) and total responses (bottom)]. Concerning observers' first response, there is no difference in the number of times each of the three alternatives was reported at the onset of the tri-stable figure in the 10 test periods comprising the session. A 2 (fixation vs no fixation) × 3 (type of response) within-subjects ANOVA reveals that neither the main effect of fixation nor the main effect of response type is significant (F < 1.0 in both cases); and the fixation × response type interaction is also not significant (F 2, 24 = 2.51, p > 0.05). The same general pattern was observed for the total number of responses of each of the three types in the 30 s test periods (figure 2, bottom). The main effect for fixation is again not significant (F < 1.0), and the fixation × response type interaction is also not significant (F < 1.0). Although the main effect for response type is significant (F 2, 24 = 4.17, p < 0.05), probing each of the pair-wise comparisons in figure 2 with an a posteriori test (Bonferroni t-test) found the differences to be non-significant in all cases ( p > 0.05). Moreover, the fact that in none of the subsequent experiments was this factor significant bolsters the argument that each of the three types of responses for this tri-stable figure is reported an equal number of times.
From this first experiment, we conclude that the tri-stable reversible figure is easily reported by all our observers and the three alternatives are approximately evenly "balanced". As discussed in the introduction, this latter point represents a significant advantage for this reversible figure over many other reversible figures for which obvious biases have been reported. This bolstered our hypothesis that this figure might then be especially sensitive to a variety of manipulations whose impact has been considerably less clear with other reversible figures. The following 4 experiments examined the effects of 4 such manipulations: location of gaze, priming, adaptation, and volitional control. Furthermore, the effects of these manipulations were determined for both dependent measures used in the first experiment, because differences in results between the measures has been suggested to reveal different processes for initial identification of the figure and for subsequent reversals.
3 Experiment 2: The effect of fixation location on the tri-stable reversible figure 3.1 Rationale Since Necker's description of perceptual instability of his 2-D drawings in the 1830s, the influence of gaze location on reports of figural reversal has been posited (see Boring 1942) . Necker believed that change in eye position generated the subjective reversals of his figure. To test this hypothesis, subsequent research has taken various approaches but with generally consistent results. Some investigators have simply varied the location of a fixation point on a reversible figure such as the Necker cube (eg Ellis and Stark 1978; Toppino 2003) . Other investigators have measured actual eye movements of observers viewing reversible figures (eg Ruggieri and Fernandez 1994) . And still other investigators have removed selected portions of the figure (eg Georgiades and Harris 1997) or presented portions of the figure in sequential fashion (Chastain and Burnham 1975) and found certain parts of the figure to favor particular organizations. This work has generally supported the conclusion that changes in eye position can favor reversals but are not necessary for reversals. As Long and Toppino (2004, figure 3 ) noted in their review of the reversible figure literature, the basic observation that an afterimage of a Necker cube appears to reverse demonstrates that eye movements are not necessary for figural reversal. The fact that eye position can nonetheless influence reversals has been attributed to two possible factors. Garcia-Perez (1989) has suggested that the well-known effect of retinal inhomogeneity results in the details of the foveated portions of the reversible being seen more clearly than peripheral portions, thereby dominating overall figural processing. Alternately, Toppino (2003) and Georgiades and Harris (1997) have proposed an important role for attentional processes such that the attended portion of the reversible figure is given processing priority, which results in greater (deeper) processing of the information from some portions of the figure than others. This, in turn, produces the favoring of one organization of the figure over another.
Although fixation location has been found to affect reported reversals, some confusion remains. For example, the magnitude of the effect has been quite variable across studies, ranging from trivial to quite large (cf Goolkasian 1991; Kawabata et al 1978) . Furthermore, various measures of figural instability have differed in their sensitivity to this manipulation (see Georgiades and Harris 1997 for a discussion of this point). The present study examines the effect of gaze location on two measures of reversibility with the tri-stable figure. We hypothesized that the simplicity of the figure, its lack of any bias among its three possible organizations, and its ease of reporting by observers would render it extremely sensitive to this manipulation, 3.2 Method 3.2.1 Subjects. Ten observers (eight female) who volunteered to fulfill a research requirement in General Psychology participated in individual 30 min sessions. None of the observers had participated in experiment 1, and all subjects were naive with regard to any experimental hypothesis.
Apparatus.
The same apparatus as in experiment 1 was employed.
3.2.3
Procedure. The critical manipulation in this experiment involved the position of the fixation "+" on each trial. 36 different fixation locations were used: 12 were centered on vertical bowtie segments of the figure; 12 were centered on horizontal bowtie segments of the figure; and 12 were centered on the square spirals. On each trial, the observers were asked to maintain their eyes on the fixation point throughout the 30 s duration of the trial. The 36 fixation positions were randomized uniquely for each observer, and a short 2 min break was introduced at the halfway point in the session. Prior to the 36 experimental trials, each observer was shown the Necker cube figure and familiarized with reversals. The subject was then shown the tri-stable figure, and the three possible organizations were described. Each observer reported being able to perceive each organization.
As in experiment 1, on each trial, a 0.5 s beep signaled the start of the trial. The warning signal was followed for another 0.5 s by a field containing the fixation point in any one of 36 different locations. The tri-stable figure then appeared for 30 s, and the fixation point remained present throughout the trial. Once again, observers were instructed on each trial to report their first impression of the figure when it appeared at the start of that trial (first reports) and each time the figure shifted to a different organization throughout the session (total responses). Figure 3 presents the results for the first-report data as a function of fixation location. For each of the three locations the number of times observers reported each of the three alternatives at the initial appearance of the tri-stable figure is shown. It is quite evident from the figure that each type of location favors a particular response type. In the 3 (fixation location) × 3 (response type) within-subjects ANOVA, this is indicated in the highly significant fixation location × response type interaction (F 4, 36 = 18.48, p < 0.001). Neither the main effect of fixation (F < 1.0) nor the main effect of response type (F 2, 18 = 2.68, p > 0.05) is significant. However, for the vertical fixations, the "vertical" reports are significantly more frequent than either "horizontal" reports or "spiral" reports ( p < 0.01 in both cases). For the horizontal fixations, "horizontal" reports are significantly more frequent than either "vertical" reports or "spiral" reports ( p < 0.01 in both cases). And for the spiral fixations, "spiral" reports are significantly more frequent that either "vertical" or "horizontal" reports ( p < 0.01 in both cases). Nearly the identical pattern of results described above for first responses is indicated. The main effect of response type is not significant (F < 1.0). There is a small but significant effect of fixation location (F 2, 18 = 3.85, p < 0.05) due to slightly fewer reports of "horizontal" overall, but a highly significant interaction of fixation location × response type is found (F 4, 36 = 22.79, p < 0.001). As evident in figure 4, fixation on vertical locations leads to "vertical" reports; fixation on horizontal locations leads to "horizontal" reports; and fixation on spiral locations leads to "spiral" reports ( p < 0.01 in all cases). In short, the particular choice of fixation location produces a response consistent with the local character of the stimulus in the immediate region of the fixation point.
Results and discussion
To summarize the results of experiment 2, both measures of figural reversal revealed clear effects of changing fixation location. Where an individual is gazing at figural onset as well as during continued viewing of the figure influences figural processing by favoring that alternative specified by the figural detail in that location. This replicates Georgiades and Harris's findings (1997) quite nicely, although they only assessed observer's first report upon stimulus presentation. Moreover, the consistency across the two dependent variables in the present work suggests that the two aspects of an observer's experience with the reversible figure (ie variability of initial response vs figural instability over time) share critical processes. This determination may simplify the identification of the likely hybrid model of figural reversal that seeks to describe the interplay of both bottom-up and top-down processes that have been found to affect observers' reports with reversible figures (see Long and Toppino 2004) .
Experiment 3:
Priming effects with the tri-stable reversible figure 4.1 Rationale One of the best known characteristics of reversible figures-and a frequent demonstration in psychology textbooks-has been their sensitivity to priming effects. The presentation of an unambiguous version of one of the organizations of the figure biases the observer to report that organization when the ambiguous figure is presented (eg Botwinick 1961; Leeper 1935; Long et al 1992; Peterson et al 1991) . Moreover, the prime need not share stimulus features with the ambiguous figure; even conceptual priming with figures in the same class as one of the organizations is possible (eg Bugelski and Alampay 1961) . For this reason, priming effects are generally considered to be due to top-down processes (see Long and Toppino 2004) . This experiment sought to demonstrate the ease with which it is possible to bias the tri-stable figure with simple striped-line patterns that favor particular organizations. Specifically, prior to the presentation of the tri-stable figure on each trial, the subject received one of four possible "priming" conditions: vertical stripes, horizontal stripes, oblique (tilted) stripes, or a blank field. It was predicted that the vertical prime would produce more "vertical" organizations of the figure; horizontal stripes would produce more "horizontal" organizations of the figure; and the blank field and tilted primes would have no noticeable effect on figure organization. For the sake of symmetry of the research design, it would have been optimal if a spiral priming condition were possible. However, a close inspection of figure 1 reveals that the spiral is made up of horizontal and vertical lines, rendering an unambiguous spiral prime impossible.
4.2 Method 4.2.1 Subjects. Ten students who volunteered to fulfill a research requirement participated as observers. Each was run individually in a 30 min session, and all were naive with regard to any experimental hypotheses.
Apparatus.
The same apparatus as in the previous experiments was used.
4.2.3
Procedure. Following the same general orientation instructions employed in experiments 1 and 2, each observer received 20 trials in the 30 min session. Each trial was preceded by one of 4 possible priming conditions for 2 s: (a) a blank white screen, (b) a screen filled with vertical black-and-white stripes of the same 2 mm width as the lines comprising the tri-stable figure (ie square-wave gratings of approximately 15 cycles deg -1 ), (c) a screen filled with horizontal black-and-white 2 mm stripes; or (d) a screen filled with oblique 2 mm stripes (ie tilted gratings) rotated either 45° to the left or right. Following the 2 s prime, a 0.5 s beep again signaled the onset of the tri-stable figure. As noted above, a corresponding spiral priming condition could not be used because it is impossible to present the spirals without presenting the entire tri-stable figure with the horizontal and vertical lines that comprise it (see figure 1 ). Selective priming with just spirals was not possible in the same manner that vertical and horizontal priming was accomplished.
Once again, observers were instructed to report verbally their first impression of the tristable figure as well as each time it changed throughout the 30 s trial. Each priming condition (blank, vertical, horizontal, oblique left, and oblique right) was presented on 4 trials to the observer, and the order of presentation was randomized uniquely for each observer. After 10 trials, a brief 2 min rest period occurred before the second half of the session proceeded. Figure 5 presents the proportion of times the first report from observers was "vertical" as a function of the 4 priming conditions. Similarly, figure 6 presents the number of times the first report was "horizontal", and figure 7 presents the number of times the first report was "spiral". In the overall 4 (priming condition) × 3 (response type) within-subjects ANOVA, the main effect of priming condition is not significant (F < 1.0); and the main effect of response type is also not significant (F 2, 18 = 1.74, p > 0.05). However, as predicted, the priming condition × response type interaction is significant (F 6, 54 = 4.13, p < 0.005). This interaction was probed by examining the effects of priming condition separately for each type of response. As is evident in figure 5 Proportion of "vertical" reports for first response for "vertical" reports, the one-way ANOVA on these data obtained a highly significant effect of priming condition (F 3, 27 = 5.25, p < 0.01). Because our a priori predictions involved the greater number of "vertical" reports following the vertical priming than following either of the other primes, these differences in figure 5 were probed with one-way t-tests (9 df in all cases). Priming observers with vertical stripes resulted in more reports of "vertical" than priming with horizontal stripes ( p < 0.001), oblique stripes ( p < 0.05), or a blank field ( p < 0.05). The priming effects with the oblique lines or the blank field are intermediate between the vertical and horizontal primes and do not differ significantly from each other ( p > 0.05). The corresponding pattern of results for "horizontal" first report is shown in figure 6 . The one-way ANOVA of these data again obtained a highly significant effect of priming condition (F 3, 27 = 5.40, p < 0.01); but, as predicted, in this case the horizontal stripes now produced the greatest number of responses. Priming observers with horizontal stripes resulted in more reports of "horizontal" than priming with vertical stripes ( p < 0.01), or priming with oblique lines ( p < 0.01), or priming with the blank field ( p < 0.01). The effects of horizontal, oblique, and blank primes do not differ from each other ( p > 0.05 in all cases). The one-way ANOVA on the data depicted in figure 7 for "spiral" first report does not indicate any effect of the 4 priming conditions on the number of spiral reports for the tri-stable figure (F < 1.0).
Results and discussion
A generally similar pattern of results for the priming effects on the total responses of each alternative in the 30 s test periods is evident in figures 8, 9, and 10. The data depicted in figure 8 for "vertical" reports reveal a significant effect of priming (F 3, 27 = 3.07, p < 0.05); and this is due to significantly more "vertical" reports following the vertical prime than the horizontal prime ( p < 0.05). The data in figure 9 for "horizontal" reports reveal a trend favoring the horizontal priming condition, but the comparison is not as strong. In the simple effects ANOVA (F 3, 27 = 2.38, p = 0.10); and probing this effect reveals that there is a tendency for the horizontal prime to produce more "horizontal" than "vertical" reports ( p = 0.06). Finally, the data in figure 10 reveal no differences among the priming conditions on "spiral" reports (F < 1.0).
We argue that, taken collectively, the data depicted in figures 5-10 indicate a clear pattern in which briefly priming observers with particular components of the tri-stable figure produces responses to the ambiguous figure that are consistent with those primes. Both the first reports and the total responses exhibit the same pattern of sensitivity to these priming effects (although the results with total responses are a bit noisier). Hence, the results of this experiment suggest the similarity of underlying processes for the tri-stable figure and traditional reversible figures such as the Necker cube, wife/mother-in-law, and other figures with which priming effects have also been demonstrated (Botwinick 1961; Fisher 1967; Leeper 1935; Long and Moran 2007; Long and Olszweski 1999; Long et al 1992) . 5 Experiment 4: Adaptation effects with the tri-stable reversible figure 5.1 Rationale A somewhat lesser known, but nonetheless well-replicated finding with reversible figures has been their susceptibility to classic adaptation effects. Employing ambiguous motion displays (Nawrot and Blake 1989; Petersik et al 1984) , overlapping squares (Long et al 1992; von Grünau et al 1984) , the Schroeder staircase (Harris 1980; Virsu 1975) , and the rotating Necker cube (Howard 1961; Long and Moran 2007; Long et al 1992) , researchers have demonstrated that an observer's adaptation for several minutes to an unambiguous organization of a reversible figure immediately prior to the presentation of the traditional reversible figure results in the observer's reporting the unadapted (ie the opposite) organization of that figure. (Note: this is the opposite effect reported from priming effects described in the previous experiment.) For example, if observers view an unambiguous square rotating to the right for 2-3 min prior to viewing a rotating Necker cube, the Necker cube is now more likely to be seen rotating to the left. Moreover, the fact this adaptation effect is transient and disappears over a period of minutes (Long and Moran 2007) the prolonged presentation of the adapting figure. This adaptation effect is considered one of the strong pieces of evidence for an important role of so-called bottom-up processes in figural reversal (see Long and Toppino 2004) .
The very simple striped structure of the tri-stable figure as well as its evenly balanced character would seem to make demonstrations of classic adaptation effects directly predictable and easily produced. Grating patterns have a long history in vision research because of their particular effectiveness for stimulating size-specific and orientation-specific channels in the visual system (see Blakemore and Sutton 1969; De Valois and De Valois 1988) . Adaptation to a grating pattern temporarily reduces the sensitivity of the visual system to subsequent gratings of the same (or very similar) size and the same (or very similar) orientation. Such psychophysical demonstrations are thought to be the perceptual consequences of adapting retinally localized cortical cells identified through single-cell recording techniques (eg Hubel and Wiesel 1959) We hypothesized that adapting observers to horizontal or vertical gratings of the same size (spatial frequency) as the line components in the tri-stable figure would render observers less likely to report the organization of the figure dependent on those particular orientations. In contrast, adapting observers to oblique gratings would be expected to have no effect on observer's reports of the tri-stable figure's organization. In this experiment, we essentially repeated the methodology of the previous experiment, but we extended the duration of the field that is presented prior to the ambiguous figure from the 2 s duration in that experiment to 2.5 min in the present experiment. This duration has been employed in previous adaptation work with reversible figures (eg Long et al 1992; von Grünau et al 1984) .
5.2 Method 5.2.1 Subjects. Twenty-one volunteers (eleven female) from General Psychology classes were again used. Each was run in an individual 60 min session, and all observers were naive with respect to any experimental hypotheses.
Apparatus.
5.2.3
Procedure. The same general orientation instructions employed in the previous experiments were used to ensure that observers understood the nature of reversible figures and could report all 3 organizations of the tri-stable figure. (No observer reported any difficulties.) Each observer received a total of 8 trials in individual 60 min sessions. Each trial was preceded by one of 4 possible adaptation conditions for 2.5 min: (a) a blank white screen, (b) a screen filled with vertical black-and-white stripes of the same 2 mm width as the lines comprising the tri-stable figure (ie square-wave gratings of approximately 15 cycles deg -1 ), (c) a screen filled with horizontal black-and-white 2 mm stripes, or (d) a screen filled with oblique 2 mm stripes (ie tilted gratings) rotated either 45° to the left or right. These are the identical configurations employed in the previous priming experiment, but the duration for their presentation has been increased from 2 s to 2.5 min. As in experiment 3, we were unable to use a simple spiral adaptation figure because the vertical and horizontal components of the spiral would be expected to stimulate both vertical-tuned and horizontal-tuned channels in the visual system. Following the 2.5 min adaptation, a 0.5 s beep again signaled the onset of the tri-stable figure. Once again, observers were instructed to report verbally their first impression of the tri-stable figure as well as each time it changed throughout the 30 s trial. Following each test period, a blank field was presented for 2 min to allow any adaptation effects from the trial to dissipate. Each adaptation condition (blank, vertical, horizontal, oblique left, and oblique right) was presented on two trials to the observer, and the order of presentation was randomized uniquely for each observer. After the first four trials, a brief 2 min rest period occurred before the second half of the session proceeded. Figure 11 presents the proportion of "vertical" first reports as a function of the 4 adaptation conditions. Figure 12 presents the proportion of "horizontal" first reports as a function of the 4 adaptation conditions, and figure 13 presents the corresponding results for "spiral" first reports. Note the striking difference from the findings shown in figures 5, 6, and 7, respectively. A very different pattern of results is evident. For the "vertical" first reports, there are now fewer reports following vertical adaptation than following horizontal adaptation ( p < 0.001), while the number of "vertical" first reports following both oblique and blank adaptation is somewhat intermediate ( p < 0.05). For "horizontal" first reports (figure 12), now there are significantly fewer reports following horizontal adaptation than any of the other adaptation conditions ( p < 0.001), and the number of "horizontal" reports following both oblique and blank adaptation remains intermediate. Finally, for "spiral" first reports (figure 13), no effect of adaptation is found ( p > 0.05 in all cases). In the 4 (adaptation condition) × 3 (response type) ANOVA, there is a significant adaptation condition × response type interaction (F 6, 120 = 5.14, p < 0.0001). The main effect of adaptation condition is not significant (F < 1.0) but the main effect of response type is significant (F 2, 40 = 16.95, p < 0.001). This unexpected main effect results from the overall fewer number of "spiral" first reports across all conditions. We also predicted that, if the adaptation effects just described are indeed transient, then their influence should dissipate to some degree over the 30 s test periods. To test for this possibility, the final reports by observers in the test periods (ie the last response made by the observer) were analyzed in the same manner just described for first reports. These data for "vertical," "horizontal, and "spiral" reports are shown in figures 14, 15, and 16, respectively. Although the same overall pattern of results found in figures 11-13 for first reports is still somewhat evident for last reports, no significant main effects or interaction are found: F < 1.0 for both main effects, and the adaptation type × response type interaction is also not significant (F 6, 120 = 1.75, p > 0.05). The difference from the first reports is indicated by the arrows in figure 14 , which show the change in the proportions of "vertical" responses from the beginning of the test period following the same vertical and the horizontal adaptation conditions (see figure caption) . Similarly, the arrows in figure 15 show the change in the proportion of "horizontal" first reports from the beginning of the test period to the end of the test period for the vertical and horizontal adaptation conditions. Hence, as predicted, the significant adaptation effect evident at the beginning of the test trial dissipates during the 30 s trial. The effects of the adaptation conditions on the total responses in the 30 s test periods are presented in figures 17, 18, and 19. The same pattern of results found with first reports is again evident. A highly significant adaptation type × response type interaction is evident (F 6, 120 = 31.58, p < 0.001). As shown in figure 17 for "vertical" responses, there are significantly fewer such responses following vertical, oblique, or blank adaptation than following horizontal adaptation ( p < 0.01 in all cases). In contrast, in figure 18 for "horizontal" responses, there are now fewer horizontal responses following horizontal adaptation ( p < 0.001) or following oblique and blank adaptation ( p < 0.01 in both cases). Finally, figure 19 shows no effect of adaptation on the number of "spiral" reports in the test sessions ( p > 0.05 in all cases).
Results and discussion
The adaptation results of experiment 4 contrast strikingly with the priming results in experiment 3. By changing the duration of the pre-test figure from 2 s in experiment 3 to 2.5 min in experiment 4, essentially opposite effects are revealed. Observers are now significantly less likely to report the organization of the tri-stable figure that is dependent on the neural channels engaged by the adapting grating. This is true for both observers' first reports upon onset of the tri-stable figure and for the number of responses of each of the three organizations of the tri-stable figure throughout the 30 s test periods. Furthermore, the transient nature of the adaptation effect is revealed by the dampening of this effect during the 30 s test periods, that is evidenced by the differences between first reports and last reports in the test periods. The results of this experiment are believed to be nicely consistent with the argument that perceptual ambiguity with a figure depends on "… the activity level of competing pools of sensory neurons [that] are closely balanced and that the pools represent two [in this case three] highly distinct perceptual categories" (Parker and Krug 2003, page 437) and that the normal balance among the pools (exhibited in figure 2 ) has been temporarily disrupted by the vertical and horizontal adaptation periods in this experiment.
6 Experiment 5: Volitional control of reversals with the tri-stable reversible figure 6.1 Rationale One of the strongest (and perhaps oldest) pieces of evidence for top-down effects on figural reversal has been the well-replicated finding that observers have some degree of voluntary control over the process (eg Boring 1942; Hochberg and Peterson 1987; Liebert and Burk 1985; Pelton and Solley 1968; Washburn and Gillette 1933; Washburn et al 1934) . For example, if observers are asked to "hold" one of the organizations of a reversible figure such as the Necker cube, the designated organization becomes dominant (eg seen for a greater portion of the test trial). However, a closer look at this work finds some surprising complexities that render straightforward interpretation difficult. It has been known for some time that different reversible figures show varying degrees of controllability by observers, which renders the identification of underlying processes difficult (eg Strüber and Stadler 1999; Washburn et al 1934) . Is the difference due to experientially based biases with some of the figures or to different types of processing for the various figures? Another problem has been the huge individual differences often reported in this work. In the study by Liebert and Burk (1985) examining intentional control with two reversible figures, while instructions were found to affect the percentage of time a particular organization of the ambiguous figure was reported, no effect was found on the number of times each organization was reported in the test period. However, large inter-subject variability was evident in the number of reversals (a more than 10-fold difference across subjects), rendering interpretation difficult. Whether this was due to different processes underlying the different measures or to large inter-subject variability on this measure is unknown. More recently, Toppino (2003) employed the traditional Necker cube and found that observers were indeed able to control perception of the figure to a significant degree; but he, too, reported the effect only on the percentage of time the instructed organization was seen in the 60 s trial and not on the number of reversals in the trial. Furthermore, Toppino reported other "asymmetries" in his results. For example, intentional control was not effective at one fixation location; and this raised the possibility of additional intervening processes, such as processing differences across the visual field playing important roles. As noted above, however, the pre-existing strong bias for certain organizations of the Necker figure may have interacted with the weaker intentional manipulation. We hoped that the tri-stable figure with its apparent balance among alternatives would allow for a clearer picture of volitional control over figural reversal. Specifically, in addition to the first response measure, we again used the number of times each organization was reported in the test trial-the dependent variable for which other investigators have found mixed results.
Furthermore, as Toppino (2003) argued, it is interesting to determine the relative effectiveness of the instructional manipulation for different fixation locations because this may provide insight into whether the two effects engage similar or different processes. What happens when the observer is fixated on a location that favors organization A, while being instructed to "hold" organization B? If both fixation effects and instructional effects involve the same underlying process (eg local feature processing), the two effects should interact. They did not, and Toppino argued that the additivity of the two effects indicates separate processes underlying fixation and instructional manipulations. The present work sought to replicate Toppino's finding about the apparent independent effects of those variables with the Necker Cube but with the tri-stable reversible figure.
6.2 Method 6.2.1 Subjects. Thirteen observers (eight female) who volunteered to fulfill a research requirement in General Psychology participated in individual 30 min sessions. None of the observers had participated in previous experiments, and all subjects were naive with regard to any experimental hypothesis.
6.2.2 Apparatus. The same apparatus as in the previous experiments was used.
6.2.3 Procedure. Each 30 min session for an observer consisted of 27 trials: 9 with a fixation "+" centered on vertical bowties, 9 on horizontal bowties, and 9 on spirals. On each trial, the observer viewed a blank screen, and a 0.5 s warning beep signaled the start of the trial.
A one-word instruction of "vertical", "horizontal", or "spiral" then appeared for 1 s, indicating which organization of the subsequent tri-stable figure the observer was to "hold" for that trial. As in the previous experiments, observers then reported both their first impression of the figure and each time it reversed to another organization in the 30 s trial. For each fixation type, observers received 3 trials with vertical instructions, three trials with horizontal instructions, and 3 trials with spiral instructions. The combination of 3 fixation locations and three types of instructions were uniquely randomized for each observer over the 27 trials. Figure 20 presents the proportion of "vertical" first reports for each of the three instructional conditions as a function of fixation location; figure 21 presents the proportion of "horizontal" first reports for the same conditions; and figure 22 presents the proportion of "spiral" first reports for the same conditions. The overall 3 (fixation location) × 3 (instruction type) × 3 (response type) within-subjects ANOVA reveals that none of the main effects is significant (F < 1.0 in all cases). The fixation location × instruction type interaction is not significant (F < 1.0); and the three-way fixation location × instruction type × response type is also not significant (F 8, 96 = 1.59, p > 0.05). However, as predicted, the fixation location × response type interaction is highly significant (F 4, 48 = 8.61, p < 0.001). Focusing on the data presented in figure 20 for just "vertical" responses, it can be seen that, regardless of fixation location, more "vertical" responses follow instructions to hold the vertical organization of the figure ( p < 0.001). Furthermore, more "vertical" responses occur in the vertical fixation condition than in the other fixation conditions. A 2-way fixation location × instruction type within-subjects ANOVA on the data in figure 20 finds a significant main effect of fixation location (F 2, 24 = 24.77, p < 0.001), and a significant main effect of instruction type (F 2, 24 = 6.45, p < 0.001). The interaction is not significant (F 4, 48 = 2.35, p > 0.05). Hence, both factors have a significant effect on the likelihood of "vertical" first reports with the tri-stable figure, and their effects are independent of one another. A similar pattern of results is revealed in figure 21 for "horizontal" first reports. Now the greatest number of responses is found following horizontal-hold instructions and in the horizontal fixation condition. In the 2-way ANOVA on the data in figure 21 , the main effect of fixation location is again significant (F 2, 24 = 11.04, p < 0.001); the main effect of instructions is also significant (F 2, 24 = 25.85, p < 0.001); and the interaction is not significant (F < 1.0). In figure 22 for the "spiral" first reports, the greatest proportion of responses follows the spiral-hold instructions and in the spiral fixation condition. The main effect of fixation location is significant (F 2, 24 = 7.61, p < 0.01); the main effect of instructions is significant (F 2, 24 = 37.67, p < 0.001); and the interaction is not significant (F 4, 48 = 1.94, p > 0.05).
For the dependent variable of total responses, the data describe the same general pattern but with slightly weaker effects. In the 3 (fixation location) × 3 (instruction) × 3 (response type) ANOVA, none of the main effects is significant (F 2, 24 < 2.56, p > 0.05 in all cases). However, the fixation × response type interaction is significant (F 4, 48 = 12.15, p < 0.001); the instruction × response type interaction is significant (F 4, 48 = 65.28, p < 0.001); and the fixation × instruction × response type interaction is significant (F 8, 96 = 3.15, p < 0.01). To clarify this pattern of results, let's consider the results separately for the three types of responses. The two-way ANOVA on the "vertical" responses shown in figure 23 reveals a significant main effect of instruction (F 2, 24 = 50.00, p < 0.001); and this is due to the much higher response levels in the 30 s test sessions obtained in the vertical-hold condition at each fixation condition ( p < 0.01 in all cases). The effect of fixation is not significant (F 2, 24 = 1.18, p > 0.05). The fixation × instruction interaction is significant (F 4, 48 = 3.79, p < 0.01), reflecting the somewhat smaller effect of instruction in the spiral fixation condition. For the number of "horizontal" responses shown in figure 24 , the results reveal the predicted shift to the maximum responses occurring under horizontal fixation and horizontal-hold conditions. Both the main effect for fixation and the main effect for instruction are statistically significant (F 2, 24 > 10.40, p < 0.001 in both cases); and the interaction is not significant (F 4, 48 = 1.81, p > 0.05). And, finally, as evident in figure 25 for the "spiral" responses, the main effect of instruction is highly significant (F 2, 24 = 32.48, p < 0.001), with more "spiral" responses made following spiral-hold instructions; but the main effect of fixation is not significant (F 2, 24 = 1.69, p > 0.05); and the interaction is marginally significant (F 4, 48 = 2.85, p < 0.05). We contend that although the results for total responses are a bit noisier than those for first reports, the same basic pattern is revealed. The results for first reports (figures 20-22) and for total responses (figures 23-25) reveal that both fixation location and instruction influence observers' responses as predicted, and they do so largely independently of each other. An observer is able to hold a particular organization of the ambiguous figure to a significant degree regardless of the locus of fixation. Hence, Toppino's (2003) findings with these same manipulations on the Necker cube are replicated, and his conclusions regarding the relative independence of the two manipulations are supported. The powerful effects of fixation location and instructions would appear to engage different processes within the visual system.
General conclusions
The present study describes a new tri-stable reversible figure that has been found to be particularly sensitive to several experimental manipulations that have been investigated in the extensive reversible figure literature, demonstrating the new figure's general comparability to better-known reversible figures. Clear fixation effects, priming effects, adaptation effects, and instructional effects have been obtained; and these types of manipulations are believed to engage both bottom-up processes (eg with adaptation effects) and top-down processes (eg with priming and instructional effects). Furthermore, the same overall patterns of effects were found for two separate dependent measures: first response and number of reversals. We believe this is noteworthy because previous work has at times found the measures to produce inconsistent results, leading researcher to propose separate underlying mechanisms. However, the special sensitivity of the tri-stable figure to the several manipulations investigated in the present work indicates the more likely overlap of processes and suggests the particular usefulness of this unusual figure. In addition, the fact that these effects have been demonstrated with unusually modest sample sizes for typical work of this type further reveals the striking sensitivity of the tri-stable figure-especially in a literature known to be plagued by large individual differences. The simplicity of the components comprising the tri-stable figure and its apparent lack of bias for any of the three possible organizations are believed to be the basis for this sensitivity. And we propose that the tri-stable figure may prove quite useful in future research regarding the visual system's response to figural ambiguity.
